Background: Phosphatidylserine (PS) is a naturally occurring phospholipid present in the inner leaflet of mammalian plasma membranes. Administration of PS extracted from bovine cortex (BC-PS), which contains high levels of omega-3 long chain polyunsaturated fatty acid (LC-PUFA) attached to its backbone, resulted in positive effects on brain functions such as learning and memory. Recently, a novel marine-sourced PS with omega-3 LC-PUFA attached to its backbone was developed (PS-DHA). In the present study, we evaluated the safety profile of the novel PS preparation in non-demented elderly with memory complaints. The efficacy study of this novel formulation indicated that PS-DHA may ameliorate cognitive deficits in non-demented elderly population.
administration of BC-PS at doses of 300-400 mg/day for up to 3 months [2] [3] [4] [5] [6] [7] [8] . In the largest double-blind, placebo-controlled trial [3] , comprising 494 participants, only one subject dropped out because of an adverse event, as compared to seven drop-outs from the placebo group.
Due to safety concerns about potential contamination by bovine spongiform encephalopathy (BSE) prions in recent years, alternatives to BC-PS, such as soy derived PS (SB-PS), have been developed. SB-PS however, differs considerably in its fatty acid composition as compared to mammalian brain PS, and while SB-PS was shown to attenuate both physical [9] and mental stress [10, 11] , further research is required to determine its ability to promote cognitive functioning [12, 13] . The safety of SB-PS was tested in a double-blind placebo controlled study on 120 elderly [14] . Hematological and biochemical parameters along with vital signs and adverse events were evaluated after 6 and 12 weeks of treatment. The study conclusion was that SB-PS is safe for administration to older persons if taken up to a dosage of 600 mg/ day [14] .
To gain the benefits of mammalian PS without the attendant risks, a safe, marine-sourced PS with omega-3 long chain polyunsaturated fatty acid (LC-PUFA) attached to its backbone was developed. This compound was recently found to improve the symptoms of children with impaired visual sustained attention [15] and to protect middle-aged rats from scopolamine-induced deleterious effects [16] . However, the biochemical and hematological tolerability of PS with omega-3 attached to its backbone have not been presented until now.
In the present report we describe the safety of a novel formulation of PS with omega-3 LC-PUFA, mainly docosahexaenoic acid (DHA), attached to its glycerol backbone (PS-DHA), in non-demented elderly. The relevant safety parameters were derived from biochemical and hematological variables, examination of vital signs and adverse events monitoring during the 15 weeks doubleblind placebo controlled study and from examination of vital signs and adverse events monitoring during the 15 additional weeks of the open-label extension phase. The efficacy of this novel formulation has also been tested in this population and the results of the double-blind phase are reported elsewhere [17] . Briefly, the study results indicated that PS-DHA may improve cognitive performance in non-demented elderly with memory complaints as PS-DHA administration resulted in an improvement of verbal immediate memory and in higher responders rates in comparison with the placebo group [17] .
Methods

Subjects
Participants were recruited through advertisements in senior citizens homes, hospitals, and newspapers.
Approximately 700 elderly were screened for enrollment to the study. Out of them 157 non-demented participants with memory complaints met the previously described inclusion criteria [17] . Briefly, eligible participants were non-demented men or women between the ages of 50 and 90 years, with complaints of memory loss [18] and no evidence of a condition that could produce cognitive deterioration including AD, Parkinson's disease, stroke, normal pressure hydrocephalus, and other brain lesions including tumors, renal, respiratory, cardiac, and hepatic disease, diabetes mellitus, endocrine, metabolic or hematological disturbances unless well controlled, and malignancy not in remission for more than two years. Concomitant use of drugs or supplements affecting cognitive function was prohibited.
The study was conducted according to the principles of the Declaration of Helsinki and good clinical practice. The protocol was approved by the Ethics Committee of the Sourasky Medical Center, Tel-Aviv, Israel, and all volunteers gave written informed consent prior to participation.
Study Design
The study was designed as a single-center, randomized, double-blind, placebo-controlled, 15 weeks study, followed by an open-label extension of additional 15 weeks. At the first, double-blind, phase, participants were randomized according to a computerized process based on 6 and 8 blocks, in a 1:1 ratio stratified by gender, to receive three capsules per day of PS-DHA or a matched identically looking placebo (cellulose). The daily PS-DHA dosage provided 300 mg PS and 79 mg DHA+EPA (DHA:EPA ratio of 3:1). During the second, open-label, phase, participants consumed one capsule a day of PS-DHA. The daily dosage provided 100 mg PS and 26 mg DHA+EPA. PS-DHA (Vayacog™) was supplied by Enzymotec, Migdal HaEmeq, Israel.
Safety was evaluated by clinical laboratory assessments including biochemical and hematological parameters at baseline and endpoint of the double-blind phase and by adverse events recording, physical examination and measurement of vital signs and weight at baseline, week 7 and endpoint (week 15) of the double-blind phase and at the end of the open-label extension (week 30).
Blood samples were analyzed by the American Medical Laboratories (AML), Herzliya, Israel. Adverse events were monitored and recorded at each visit and by telephone contact every other week.
alanine-aminotransferase (ALT), aspartateaminotransferase (AST), and alkaline phosphatase. Hematology consisted of red blood cell count, hematocrit, hemoglobin, white blood cell count and differential, platelets, MCV, MCH, and MCHC.
Physical parameters
The parameters assessed were weight, resting systolic and diastolic blood pressure, and pulse rate.
Statistical Analysis
Two-sided Student's t-test for dependent samples was used to analyze changes between different points in time in the tested parameters, in the whole group and in each gender separately, for both arms.
Two-sided t-test for independent samples was used to analyze differences between arms in the change between baseline and week 15 in blood parameters, vital signs and weight, in the whole group and in each gender separately and to detect any difference between groups in the frequency of adverse events.
Pearson's chi-square test for categorical variables was used to analyze the differences between groups in the number of participants who reported adverse events.
In the analysis of differences between and within groups, P values were adjusted for the number of parameters analyzed using Bonferroni correction. SAS statistical package (version 9.1) was used for all analyses.
Results
Study Population
A total of 157 participants underwent randomization (79 were assigned to PS-DHA treatment and 78 to placebo treatment). One hundred and thirty one participants completed the double-blind study (66 in the treatment group and 65 in the placebo group). Drop-outs were distributed equally over the two arms and reasons for discontinuation were generally similar across the treatment groups (Table 1) . Average age of participants who completed the double-blind study (± SD) was 72.42 ± 8.02 in the PS-DHA group and 72.73 ± 8.25 in the placebo group. There were no significant differences between treatment groups in the incidence of existing disorders including cardiovascular disease and endocrine or metabolic disorders.
Sixty one participants from the PS-DHA group (PS-DHA continuers) and 61 from the placebo group (PSnaive) continued into the open-label 15 weeks extension period. One participant from the PS-DHA naive group dropped out from the study due to protocol violation. Average age of participants who completed the openlabel extension (± SD) was 72.36 ± 7.93 in the PS-DHA continuers group and 72.73 ± 8.31 in the PS-DHA naive group.
Safety parameters
Physical parameters values during the double-blind phase are presented in Table 2 . No significant changes from baseline in resting systolic and diastolic pressure, resting pulse rate and weight were found between treatment groups. A statistically significant increase in weight (0.45 ± 0.04 kg) was detected in the PS-DHA group during the course of the double-blind phase. However, this elevation did not survive Bonferroni correction. Physical parameter values of PS-DHA continuers, who completed the openlabel phase, are presented in Table 3 . A statistically significant decrease in resting diastolic BP (3.1 ± 0.3 mmHg) and a slight increase in weight (0.61 ± 0.05 kg) were observed following 30 weeks of PS-DHA administration.
Among PS-DHA naive participants, who received PS-DHA for 15 weeks, there were no significant changes in any of the tested physical parameters at the end of the open-label phase (data not shown).
Biochemical parameters values during the double-blind phase are presented in Table 4 . No significant differences between groups were observed in the biochemical parameters, except for minor differences in sodium, calcium, chloride and females triglyceride levels. However, these differences did not survive Bonferroni correction and hence were rendered insignificant. In addition, during the course of the double-blind phase there were few parameters that showed a statistically significant change from baseline in the PS-DHA group, and other parameters in the placebo group. However again, the correction rendered them insignificant.
Hematological parameters values during the doubleblind phase are presented in Table 5 . No significant differences between groups were observed, except for a minor difference in the neutrophils count of the female population. Again, this difference did not survive Bonferroni correction and hence was rendered insignificant. In addition, during the course of the double-blind phase there were few hematological parameters that showed slight changes from baseline in the PS-DHA group, and other parameters in the placebo group, however again, the correction rendered them insignificant. * Adverse events are specified in Table 6 ** Classified by the study physician as not related to the study treatment # Hospitalization due to hyponatremia ## Hospitalization due to atrial fibrillation and epigastric pain
Adverse Events
Adverse events reported during the course of the double-blind phase are presented in Table 6 . Twenty participants from the PS-DHA and 11 participants from the placebo group reported adverse events (29 and 15 adverse events, respectively). There were no significant differences between the study groups in the number of participants who reported an adverse event (P = 0.078) or in the number of reported adverse events (P = 0.087).
Ten participants from the PS-DHA group and 8 participants from the placebo group were classified by the study physicians as suffering from related or probably related adverse events (16 and 11 adverse events, respectively). Again, there were no significant differences between the study groups in the number of participants who reported an adverse event (P = 0.637) or in the number of reported adverse events, classified as related or probably related to the study treatment (P = 0.472). During the course of the double-blind phase, there were 5 severe adverse events (suspected acute diverticulitis, benign prostatic hyperplasia surgery, and 3 hospitalizations due to hyponatremia, bradycardia and abdominal In the treatment arm, 32 males and 33 females had blood pressure and pulse measurements at baseline and endpoint and 31 males and 33 females had weight measurements at baseline and endpoint. In the placebo arm, 34 males and 29 females had blood pressure and pulse measurements at baseline and endpoint and 33 males and 29 females had weight measurements at baseline and endpoint. discomfort) in 5 participants in the PS-DHA group and 2 severe adverse events (atrial fibrillation and epigastric pain leading to hospitalization) in one participant in the placebo group. All the severe adverse events were classified by the study physicians as not related or probably not related to the study treatment.
Adverse events reported during the course of the open-label extension are presented in Table 7 . Ten participants from the PS-DHA continuers reported 12 adverse events of which 3 were classified by the study physicians as related or probably related to the study treatment. Six participants from the PS-DHA naive * Judged by the study physicians as related, probably related, not related or probably not related to the study treatment group reported 9 adverse events; none of which were classified as related or probably related to the study treatment.
During the course of this phase, there were 4 severe adverse events (elective hospitalization for computed tomography urography, and chest pains, ear cholesteotoma and prostate surgery, leading to hospitalization), all classified by the study physicians as not related or probably not related to the study treatment.
Discussion
PS is widely used as an over the counter (OTC) preparation in the aim of improving general health and particularly cognitive functions of elderly people. Traditionally, PS has been extracted from bovine brain; however, recently, the BSE epidemic necessitated the finding of alternative safe sources such as SB-PS. SB-PS, however, differs considerably from BC-PS mainly in the absence of DHA which is the predominant omega-3 LC-PUFA in the mammalian central nervous system. Observational and epidemiological studies have associated omega-3 LC-PUFA consumption with a reduced risk of impaired cognitive function in middle-aged population [19] , and with a reduced risk of dementia [20, 21] . This association has been supported by interventional studies [22] [23] [24] .
To gain the benefits of mammalian PS without the attendant risks, a safe-sourced PS with omega-3 LC-PUFA attached to its backbone (PS-omega-3) was developed.
This compound was recently found to improve the symptoms of children with impaired visual sustained attention [15] and to protect middle-aged rats from scopolamineinduced deleterious effects [16] . The mechanism by which PS-omega-3 exerts its effects is not fully understood, however PS has been found to regulate key proteins in neuronal membranes, including sodium/calcium ATPase [25] , protein kinase C [26] and Raf-1 protein kinase [27] . PS was also found to influence neurotransmitter activity, such as the release of acetylcholine, dopamine and noradrenaline [28] . In addition, PS-omega-3 was found to significantly increase DHA level in brains of middle-aged rats [16] .
We have recently reported that a novel PS preparation (PS-DHA) may improve cognitive performance in nondemented elderly with memory complaints [17] and the safety results of this study are described herein.
Participants who discontinued the double-blind phase due to adverse events were distributed equally over the two study arms. No significant findings were observed in the tested physical, hematological or biochemical parameters following 15 weeks of treatment and there was no significant difference in the frequency of adverse events between the groups.
No subject discontinued the open-label phase due to an adverse event and there were no significant findings in the tested physical parameters.
Overall, the treatment was well tolerated with the most frequent symptom related to gastrointestinal SUM 3 events in 3 participants 9 events in 7 participants 9 events in 6 participants * Judged by the study physicians as related, probably related, not related or probably not related to the study treatment. ** There were no adverse events classified by the study physicians as related or probably related to the study treatment.
discomfort. These symptoms were considered mild by the subjects and the physicians, and were previously reported for other PS compounds [29] . No severe adverse events were classified by the study physicians as related or probably related to the study treatment.
Conclusions
Taken in combination with the positive cognitive effects of the PS-DHA preparation reported previously [17] , the study results support the safe use of PS-DHA for elderly people with memory complaints at a dosage of 300 mg PS/day for 15 weeks, or at a lower dose (100 mg PS/day) for 30 weeks.
